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ksl ake] Hofo] Al AMH|A QT AFERS Z=3)}7] 98] 3GPP(3rd Generation Partnership Project)®
A2 56 A28 o7EAE =it 562 FAd UEHT #8 32 $9S 98 2E3tE NF(Network
Function, YMIEH A 7]%5)E Aosto] A2 56 AHlz=d digh thgFst 8 7AES A L4oh(3G6PP TS 23.502,
"Procedures for the 5G System (5GS)," version 17.3.0, Dec. 2021.).
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3= 5GE do] & FES W uh(S. Sevgican and T. Tugcu, "Intelligent Network Data Analytics
Function in 5G Cellular Networks using Machine Learning," Journal of Communications and Networks, vol.
22, no. 3, pp. 269-280, June 2020.).

ol#gk Meto A 3GPPE tFE NF 3= OAM(Operation, Administration, Management) A]Z=ElolA dHo]HE 43
slal #28 =E8FE NWDAF(Network Data Analytics Function)@hHe M2 NFE A 3tH(3GPP TS 23.501,
"System Architecture for the 5G System (5GS)," version 17.1.1, June 2021.). 5GolA+ t59 NF A=H
27) AdE s, oglg thge] NF7F B AFA Y #E/&9S 5] fBIA= NWDAF AH| =8 X o= 83
t}(S. Trinks and C. Felden, "Edge Computing Architecture to Support Real Time Analytic applications: A
State-of-the-Art within the Application Area of Smart Factory and Industry 4.0," in Proc. IEEE
International Conference on Big Data (BigData) 2018, pp. 2930-2939, Dec. 2018.).
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(ME3 &3 0002) S. Sevgican and T. Tugcu, "Intelligent Network Data Analytics Function in 5G
Cellular Networks using Machine Learning," Journal of Communications and Networks, vol. 22, no. 3, pp.
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2021.

(R &3] &3 0004) S. Trinks and C. Felden, "Edge Computing Architecture to Support Real Time Analytic
applications: A State-of-the-Art within the Application Area of Smart Factory and Industry 4.0," in
Proc. IEEE International Conference on Big Data (BigData) 2018, pp. 2930-2939, Dec. 2018.

(&3 &3 0005) 3GPP TS 23.288, "Architecture Enhancements for 5G System (5GS) to Support Network

Data Analytics Services,” version 17.2.0
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NF= AMF(Access and Mobility Management Function), AUSF(Authentication Server Function), SMF(Session
Management Function), NEF(Network Exposure Function), NRF(Network Repository Function), PCF(Policy
control Function), AF(Application Function), UPF(User Plane Function), DCCF(Data Collection
Coordination Function), MFAF(Messaging Framework Adaptor Function) 5% ¥33it},

= 32 FE NWDAF 2 2|~ NWDAFS] Al F+2& Yeldtt. FE NIDAF= Hoje B4 25 9 s Z52 +
ER2l=

A BES OE NF 2 F X NWDAFSHS] B418 s}, whd sty 58 dole =3, MILF(Model Training
Logical Function), AnLF(Analytics Logical Function), =& #A&o] 4719 8¢ REE o]z},

doly 3 EES ol#] NF, AF(Application Function), /%= OAMC ZHE HlolHE 33, w3 §8&4
Ql g5S H8l diole AAEE ST = Ut

% 4% H-NDAFOlA UE AHElZ oSS 93 dAE vehdtt. = 49 Zo] 5
Aol ZFo| A PCF(Policy Control Function)”} UE(User Equipment)¢] T}
dSel gk £4S &83te] IE dolg &&d st JA8 HAslete W

o] YEHIANA o8 M F=
=3 ~F3(downlink throughput)

of e drggict.

% r-{o )

2 A 1 delH 8 R dAd

FE NWDAF= A AMF(Access and Mobility Management Function)ollA4] UE €1 %](location), OAMellA4] RAN(Radio
Access Network) ZFEf, AFolA UE ID9} 2L ZdHolH(raw data)E FHIHE 49 I}AH 1). I Fo FE
NWDAF= 3%l 2ulol8 S v ow WA S Faste] s 7hed Jej= whet

. o) M
T4 04 20 2d o W wY A%

R wﬂa%MnWﬂﬂ%HﬂUEﬂﬂ%=ﬂ

5 X Stk shed s AIT(= 49 A 2).
AdE BEE FE NWDAFS] A7zl AgE (= g

2 A4 30 UE A o5 24 2%

PCFe] 23 NWDAF7} UE A 2]# o5S 98 RS QA (s 75)5td FE NIDAFE 28 Agae] g &
28 2 NIDAFR AFETH(E 49 34 4). 2 Foll 2= NIDAFE FH9 22e md A Agsta,
AnLF BE3 ARESho] 24 & =E3dTH( 49 3 5).

S A 4 B AYF o5 23 AR

IE A2 d5S 53 U ¥4 Azt 23 NWDAFe 4% PFE AFEt (= 49 34 6). A% 4 4
dtoll wre} PCFE= UE dlolB] E2-9-(data flow) el digh AAS ulo]E & 4 th(= 49 A 7). o E 591,
BAS 7gtoz UE Ael#e] g4 Aow oiEs 49 PR B ¥ %<& QS 5% 38 5 giv. =
g JHlo]EH QoS & B fl& UPF= (Rl o B2 2lhsE dofed 4 qlon= A&st Holy 55

tlo

AFWE & Qe
ofe] Au|zol AAgHe] ATE B AgrD v was
A% Bol, b A% A5S A% mUe e oway D wge 39 B A6 sl ANE .
Hom, thE Ugdl o A% W el ), ohtel BRel e o) W 43 g
g %

Aoz ddH= 4%

& oF 2 AqH|x AR (DoS) sFoz v Xy &o] F43] AT
A FAAe] MBR(Maximum Bit

Jth. o]z]gt o]Ae 7Fx|3FH SMF(Session Management Function):

L 5e /7 BY ok wEl A EE oo mE 24 AT ARFS Bt



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

SIHS31 10-2024-0121606

A AT AL

A e AdE sk A Ates Aotk N7 10014 30e=2 S7hgkel u

il
ML

L
ONV B MULTI®] &4 A& AlZte] 7.1 B 6.79)

i)
Q

o B
=

=

=

=z

(=)

=

=5

{0

S

1%

2

of

>

o S

Y rlo
@
(o))
=
2
olN
N
)
%
n
T
=z
(=)
=
=S
9,
>
rr

(o]
i
M
>
o
4o K

T Atk o] A9 FE NIDAFIA =g A 49
7} Z7bekel whel MULTI9F H-NDAFS] #4241 A|F AlgFe g, 833 B4 &

9 E3Z NWDAFe AgEo] & FEo] adl wal F74shy] wiEolrh. ®¥bH CONFi= ©d NWDAFOA & 8%
4 F5 AR E Aglsr] wied aol BAflel LA ).

HNDAFS] A1 A1 AZbe el NWDAFS] A% Frlel FAUSE paBrh. ol 4% Fiiel 4% o B
Ee AgHa ALET 5 Yk AL etk 3, X NIDFE FE NDAF] 229S a3¥ 2e7} ¢l
o oul@th EE Bel ¥25F B4 AFAte] FAATH BrF 0,508 A9 dRE B Aua7)
2% wpos AFHY] Wil &4 47 vie AolE QA@e zuett Afew 2de 49T 5 v
%, A%HE mde AT BEA 2a) mel A B4 AT Agre] Pojxith, 53] oldd Age A
4 gl ARAY W A vehdth, wekd ge Aol 24 Ans W] S 75 PAL ol
s o] flelths 422 g & An.

T 72 & 20 ZAE FE NIDAFY 7|5 B Xo|rt).

T 78 Fxshd, FE NWDAF(10, FE NWDAF #x To=2 wWHE & 98)E Aok Z2ZAMA (processor) 2/
T W2 (nemory) & X3t AFY X2 FEE 5 Jrh. wEhA, FE NWDAF(10)9] &=t 93 WHE
= B Z =z A

of EFHE WAE F Aolx A¥E AFY AR ZzANY FHo oldd FE k. AFY FAE A

T8 2E(140), % A

E 2d e
$H(150, A% FAG 2EGA Fow ¥wE FE 48 F AoE sh} o3 TP & dvh.

2 BE(110)S §74 B2A0e B3lo] Bpo) NF(EE 2429 NF FXE), 0AM x| (EE 0AM A|2=d®), 2/
EE 549 FX NWDAFE (2007 249 dlelH(ZuolH, «oF 2E, 4 84 wAX, #4 23 5)& F1
WS- 5= gtk FAlE dolHE AR (150) 9] AFdE 5 Q).

2E(120)02 229 ggd A8 ZuoEHE §4 EE(110S % )
T Aok =, dloly 3 RE(12002 270 dAE sA4e Fdste] mEle Skl ek sk vlolE
/kg g <}

BE k. AEE ghs dlolE= AR-(150)°l AE o v

29 S BE(130)S dold Y BE(12000] osl 44T % delHE olgstel 249 mAe HuFo
24, 2 W AAEC] a7shs d% BU(EE $2 29)2 44T 5 AT A4E 43 2Ue 43805

(140)2 AEHE o5 2dE ol gsto] FE2& FRTFomM, 24 JY ol tgdte o

AR (150) 9= FE NWDAF(10)2] &2te] Z 23k 0S(Operating System), EZRI13  ALxd= Fo| A& Eo
AL F Ak, =3, AFH(150)NE 54 BE110)] 8] 21" dolE, doly £ EE(120)° o A
A 8kg dolE, 2d sk RE(130)9] g8 AAE o 1wy 2d 22 RE(140)9) 93 FE A3} Sol
A 4= 9l

Aol wel, FE NIDAF(10)E FE NWDAF(10)¢] AA A &S Aojsts Ao REAHAER dyE =
A o 23 £

f

oo
rlo
H
[N}
o

TAlE g NWDARS] 7% BEwolt},
Ax3bH 2 NWDAF(20, 2] NWDAF A= Lo = wWuE 4 9L ) Holix TR A XM (processor) Z/IE
(memory) & X3t HFE AX= 82 5 Aok, weba, 213 NIDAF(20) 8] &2l ofgh Wy Sl
zoEE HAE T Hok d¥e AFH FH Z2AA FFoz o&E = v, AFHE FA = AW

(server), PC(Personal Computer) %<& ¥3ts 4= git}.

Horle
o o
E
ACA.



[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

SIHS31 10-2024-0121606

Z]3L NWDAF(20)= §4 EE(210), 2E F8 RE(220), B AH(230, AF GAU 2B Foz il
TE AE) T Aok st o)ds TFF 5 A

B RERI0)S FFA BATE ko] H40) NF(EE B4 NF FXE) R/EE B9 32 NIDAFE(2
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ot A5 @s AT 5 odn. o, «dF 2de FE NDAF(10) 25 4l § A5 (130)o0 A7
o & qgud 5 3l

A-(230) el = 232 NWDAF(20) €] &=tell &9 0S(Operating System), ZR2IF, AxIE Fo] AgHo]
A& & vk EF, AR(150)0E T4 E(210)0 o) F24lE dlolE, ®E FE 2E(220)] oF F&
Az 5ol Add 4 3l

AAleell uhel, 2 NWDAF(20)% 213 NWDAF(10)9] AAIAQ &2-5 Alojats Aol RE(AF 2 ¥id S
NE)E H I = Qi

W WA A, FE NIDAF(10) 3/E= 2 NWDAF(20)9] TA4E ZH7h2 7e 3 =edew #8E F &2
2 yehfs Zloln, WrEA] Zhzhe] o] o] FelA FAR FREY M) anE A ofvlehs
Aol oS i W] lgiore] HitA Awvhe Sols FE28 = & Aol

EE, B ogAAelA mEelu e ghe, X oude) J1%d A Sae] 9l

A% TN AT LEAAS AT, T2 ARE AT £ 49, AL, ] 2gE 299 2
47 2Ael mE FAHT) 19 Sedel Yane w4 + %
Q7 =g AHloMUr @ E79 SEdolE oJnjah: Fle] ok,

ool A AHE A= =] FA 84, AXES FA 84, B/EE =] 7 84 H AXES
of 74 849 HFoR FdE F Uvk. dE B, AANdEAdA A¥E FA L 74 84F, dF 59,
3L 2 A A i’E%ﬂ, ALU(Arithmetic Logic Unit), ©X" A& =24 (Digital Signal Processor), wlo]=
Z7FHE, FPA(Field Programmable array), PLU(Programmable Logic Unit), WO R ZAA T WHH

(instruction) & At THE 4 U&= thE ojwe Ax|e} o], v ool HE HAFH Ev= 55 5
AFEHE ol &3t FdE 4 Ak, AY FX= =9 AA(Operation System, 05) B 7] &9 AA ol
FAE = S o) AZES] ofEFAlAS FAY F vt S, AY AT AZE0]o A
gete], dolHE A2, A%, 2%, Az 2 AT F% v}, oFe HE f8td, M7 FA = shurtk A
|5 = o2 AWE AT AT, AT Ve HokdA e AAs 7zl A=, A AA7F B e A
2] 84 (Processing Element) H/HE 54 39 AP 845 X3 F IS & F Utk dE 59, A
AR B e ZRAA EE o] Z2AAN H e FEEHE E?ﬁ% ATk, Ed, ¥E ZIZAA
(Parallel Processor)o} 72, tt& A7 44 (Processing Configuration)®=

oo > X

>

(¢

AXEo = HFEH 223 (Computer Program), FZ=(Code), ¥ (Instruction), & °lE F 3l} o]d<]
23S XL g don, dIke UE FANEF Ay FHE FAASNAY FHASER e Ao
(Collectively) A& Fxg WHT F Jrt. LZEo] Q/mE= dolH=, A Ao oste] A=A A
gl Zxlo] WEy = HolHE ATy Yste], o™ 3 1A, 74 24 (Component), E&A Fx], 7HAF
) (Virtual Equipment), ZAFE A wjx] =& A, = HAEEHE= Al 3(Signal Wave)o] g% o=,
T AR FASHEmbody)Ed g ATE. AZESOE UESNAR d4¥ AFEH AL Ao 24bEo]A,
d o AGHEAY AdE FE Q. AXEQo] H dolEE sty o) HFH #H= Jbe 71F vl

Ao wE WYL veket AFE Fus Tk Fdd ¢ vy T2 WE JuR Fdse] AFE &
5 7k WA 715E 5 ok A7) AFEH w5 vks uAle 2209 9gE ) doly 3, oy Fx 55
d=oR e Ryl 2 4 vk, A7) wiAle VFE= 2203 WEe AAdE 9ste] 5Es AA
Ha A" RAENAY AFE 2ZEYY FAR A FAFH ALE JMed AL = Y. HFYH A5 Ut
S 712 ujHe del& st taa, Z29 fgiadg 9 27] gHolZe e 27] uhA (Magnetic Media), CD-

ROM, DVD®} 2 7|5 wjx|(Optical Media), =+&EZA t©X=A(Floptical Disk)¢ #Z2 A7|-%F A
Media), & (ROM), QRAD, EYA w3 T3 22 203 HHS AGsta Fdstes

o
—

(Magneto-optica
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58 49 sEele] 37 £gEY. T2y 3l oot Audeld o8 wEelAE A% ge A
of M= ohel AELLE 5 AHEAA AFES A 2D F Q= 17 o] mEE TP 4
9 Sese] FAE AAde] B4 U] da st o] ALESe] RERA AEFES THY
oM, 1 g% vk o],

B oage Evd EAH AAdE as Hgugont ol dAHel Ao Bashvl, B /1% o] B4
A4E 74 A ol vekd WE L #5 B A6t bsaitks 4E old@ Aot g Eo,
MYE gl AYE Wl e SAR FYsAY, R/EE 498 ALY, TR, A, I2 5o 74
faF0 H9E YU U JUR AF EE 2YAL, e TY 84 it FER Qste] ALY
ABHHE A4% Ash 948 S Ao webd, B oagel 149 144 1E el 2rE SS9

Fso H1y
10 © FE NNDAF
20 : 23 NWDAF

140, 220 : ¥ F8 15
150, 230 @ A
=y
EH]
NEF NRF
Nnef MNnrf
Nausf Namf
AUSF AMF
N1 N2
™ ()
0 A
UE (R)AN

Access and Maobility Management Function (AMF)
Authentication Server Function (AUSF}

Session Management Funetion (SMF)

Network Dala Analytics Function (NWDAF)
Network Exposure Function (NEF)

Network Repository Function (NRF)

Policy Control Function (PCF)

Npct MNaf

Nsmf

SMF

N4

Dy
N3 UPF N DN

Application Function (AF)

User Plane Function (UPF)

User Equipment (UE)

Radio Access Network ({R)AN)

Data Network(DN)

Data Collection Coordination Function (DCCF)
Messaging Framework Adaptor Function (MFAF)
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k1
g
[\

Nnwdaf root
NWDAF

UE (RIAN — o UPF N6 DN

k1
N2
(VA

Root NWDAF

Communication module

Leaf NWDAF Root learning module

Communication module g::laection E-Agglegaliun ; é Preprocessing §

Leaf learning module 1 I
Model Model
Training Inference

Model e |
Inference %&E{O i %ﬁ'

i !

Model Store Model Store

Zr4
. . B et Root NWDAF 1 mnc;g:lnm
| PCF —» 14 F -
| : Model Data | |
i Store COIIection i _

|—] [ o
MTLF @ AnLF ﬁ_ : A
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2100 . =
I CONV, a =023
MULTI, o = 0.3
1800 - H-NDAF, a = 0.3 T
I CONV, o =0.7
§1500 | | MULTL a= 0.7 1
e I H-NDAF, a =07
§ 1200
2
o
g 900
g 600
300
0
10 30
E96
1500 ; .
—T NT-m,B-D.S
I*\\ —p— Ny =30,3=03
1200 | \\.‘ -.o.‘N.r-20.L:‘-0.?-
E ‘\..‘ --b-‘NT-?iO.ﬁ-O.?
@
E
c
S
7]
8
(o8
v
R3]
=
1]
=
<

300 400

The storage capacity of the leaif NWDAF (MB)
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